T(r) induced by suitable heat sources on both plates. (The cholesteric pitch is assumed nearly independent of T. ) The buoyancy forces give rise to a velocity field v(r) where u is much smaller than in nematics or isotropic fluids : the slowing down is due to the permeation effect of Helfrich [I] . Measurements on v(r) should lead to a direct experimental proof of the permeation process.
1. Introduction. -A number of experimental studies on the behavior of cholesterics under flow have been carried out mainly by the group at Xerox [2] . However, the conditions realised in these experiments involve strong distortion of the cholesteric planes by the flow, and their analysis is difficult. Helfrich [I] has considered theoretically a simple, and most interesting situation, where the planes are assumed fixed by suitable anchoring on the walls, as shown on figure 1. If a weak pressure gradient aplaz is applied along the normal to the planes, he showed that we should expect a flow velocity where the permeation coeficient I , is given explicitly by where d = nlq, is the half-pitch, and y , a Leslie coefficient coupling orientation and flow [3] . Eq. (1.1) probably explains the high apparent viscosity of cholesterics, although some of the materials which were quoted at the time have later turned out to be actually smectics. More recent attempts'to achieve well defined permeation flows inside a capillary with anchored planes have encountered great difficulties ( I ) : in practice, the ( I ) GASPAROEX H., private communication and CANDAU, S., private communication. planes do not remain normal to the capillary axis as soon as a significant flow is imposed. Thus, to study the permeation process, it is probably necessary to use different geometries, where the sample is flat as shown However, it is not easy to inject fluid inside such a cell in a well controlled fashion. This has led us to a different approach, where the cell is closed and certain loop currents are induced inside the fluid by non homogeneous external forces. The two main candidates for the external agent are an electric force (acting on injected charges) or a buoyancy force. The process of charge injection is too complex to be practical at present. We are thus left with thermal effects ; we shall assume that both plates in the cell of figure 2 have a prescribed, non uniform, temperature distribution T, and investigate the resulting flow velocities : they could be measured in practice by Doppler techniques [4] . Section 2 defines the model. Section 3 gives the mechanical equations. Section 4 analyses the boundary layer effects. Section 5 discusses the main results.
2. The linear model. -At first sight we might be worried by the effects of the temperature T on d : in many cholesterol esters, d will shrink if T is raised even slightly. Fortunately this effect becomes very small if we use dilute solutions of a chiral agent inside a nematic matrix. These dilute systems give rather large values of d (e. g. 20 p) which will turn out to be convenient for the experiments which we have, in mind.
Another possible complication could come from thermal convection : a number of remarkable convective effects have, indeed, been found in liquid crystals [5] . However, for the very Slow (10 p/s) motions which we have in mind, it will usually turn out that conduction still dominates on convection. Thus, we can assume that the temperature distribution T(r) satisfies the steady state equation :
where KII is the thermal conductivity along the helical axis (2) and K, is the conductivity in the plane of the cholesteric layers.
We are then left with a problem of laminar flow, where the velocity field v(r) is a linear functional of the temperature field T(r) ('). In this linearised approximation, it is correct to assume that the layers are essentially undisturbed by the flow. Related problems offlow in a stratified medium (smectic A) have been considered recently by one of us [6] using the Martin Parodi Pershan equations [7] . Similar equations hold for cholesterics [8] , when they can be treated as a supercontinuum, i. e. when all characteristic lengths of the flow are large in comparison with d. We shall always work in this limit.
Since the problem is now linear, it will be sufficient to consider one Fourier component, i. e. a temperature distribution of the form
where q is an arbitrary wave vector. We shall be most interested in the limit where qL < 1 where L is the sample thickness. Eq. (2.1) allows us to write down the z dependence explicitly
where we put the origin of the z coordinates at the mid plane. Here is defined by and is usually comparable to q. We shall consider separately the even mode (A # 0, B = 0) and the odd mode (A = 0, B # O), the latter being shown on figure 2. By suitable combination of such modes, we can adjust eq. (2.2) to any (piecewise continuous) distribution of temperatures on both plates. But in practice, if desired, it shall not be too hard to realise a simple sinewave by heating the plates with an array of evaporated metallic films. Of major interest for the experimentalist is the temperature difference between the warmest and the coldest point in the sample, which we shall call AT (see Fig. 5) 3. Mechanical equations.
-Having now specified the temperature distribution, we can write down the force balance for the fluid. In a linearised regime, it reads (3)
( 2 ) We always define T(r) so that its space average vanishes. Here p is the scalar pressure, f is the buoyancy force f, = pguTcos u = f cos u (3.3) on both plates, defines entirely the flow field. f, = pgaTsin u = f sin u 4. The boundary layer approximation. -The operau is the angle between the vertical and the helical axis z tor occurring on the left hand side of eq. (3.8) hasbeen (see Fig. 2 ), g the gravitational acceleration, a the discussed in [6]. Here we shall summarize the discussion dilatation coefficient, and p the density. The third term in simplified terms. For the case at hand, we have in eq. (3.1) describes the resistance to permeation, and I, is given by eq. (1.2), amp is the viscous stress tensor. a2* ----q 2 * .
As shown in [6] , this term is always negligible for the ax2 z component of the force equation, provided that we Inspection of (3.8) suggests the introduction of a are in the continuum limit. On the other hand, the viscous friction cannot be omitted for motions in the characteristic length such that layer plane, and gives in eq. (3.2) a tribution [6] : S2 = l / K q . We can transform this slightly because f is proportional to T and thus satisfies eq. (2.1) From now on we shall restrict our attention to the case where ql; < 1. Then, the variations along x are slow in This unusual behaviour may be understood as follows : in the inner region, the vertical pressure gradient exactly balances the buoyancy force (viscous forces along the vertical being negligible). Thus the pressure is large at points R, R' and low at S and S'. The pressure gradient between R and S induces a permeation flow from R towards S. The corresponding permeation velocity is nearly uniform between R and S, but slightly larger at R or S than at the midpoint J After some rearranging, one obtains : (Fig. 4) . The resulting current lines must then close up and in the boundary layer in the inner region, and thus forces a downward flow in the region between B and I.
k GL Omitting the factors cos (qx), sin (qx), and taking the ratio of the amplitudes, we have
Thus, for the even mode, it is the term (a) which dominates. For the odd mode :
Thus, in the limit qL < 1, the odd mode is more fmouruble if we wish to produce sizeable velocities without imposing prohibitely large intervals AT. The resulting two main situations (corresponding to u = n/2 and u = 0) are shown on figures 3 and 5. Note that, in both cases, the largest velocity component in the inner region is horizontal (normal toJ). -AS shown by the numerical values above, the velocities in the inner region are somewhat too small to be measured conveniently (even with modern optical techniques). On the other hand, the velocities in the boundary layer are significantly larger. Also, in most practical instances, the thickness 6 of the boundary layer is sizeable, and optical measurements in this region are conceivable. In this region, the order of magnitude of the velocity is Keeping the same numerical values, we have ~6 -30 N and V , -9 pis.
With such values of vM, the experiment appears feasible (although difficult) since there exists now optical techniques using small solid particles as a label [4] (4). Larger samples (say L -1 mm) would allow for larger velocities but they may be difficult to prepare in single domains. The required temperature distribution may be approximately realised by a set of heating films as shown on figure 5 . In fact, the most interesting procedure would be to apply a magnetic field and to unwind the helix : qualitatively this may be described as a decrease of q,, leading to an increase of v, ; finally we may mention that, when a nematic phase is reached, formula (6.4) is still qualitatively correct (in the limit of small AT) if we replace go by const. 1/L : in the example above, this would represent an increase by a factor 100. However, this limit is not too meaningful since, for a nematic with our values of AT, GM becomes of order 700 p/s and convection becomes important. 
